IMPORTANCE Phantom odor perception can be a debilitating condition. Factors associated with phantom odor perception have not been reported using population-based epidemiologic data.
T he perception of phantom odors is a qualitative olfactory dysfunction whereby affected individuals perceive odors in the absence of an external stimulus. The sensation is typically unpleasant and described with terms such as "foul," "rotten," or "chemical." There are few epidemiological studies of phantom odor perception. Prevalence estimates are in the range of 5% to 6% 1,2 and may be greater among women. Phantom odor perception has been correlated with depression 3, 4 and has been described in relation to migraine aura, 5 radiation therapy, 6 sinonasal disease, post-upper respiratory tract viral infection, 7 and head trauma, 8 although most evidence has been limited to case reports and small clinical studies. The biological mechanism of phantom odor perception is thought to arise from aberrant peripheral olfactory sensory neurons 9 signaling perception centers in the brain, or overactive brain cells creating the perception. 9, 10 Reports of phantom odors have not been correlated with objective measures of olfactory loss. 2, 11 Phantom odor symptoms may disappear, improve, or worsen over time, 12 and treatments are not reliably effective. 9, 13 To our knowledge, the epidemiology of phantom odor perception in the United States has never been described. The objective of the present study was to use recent national survey data to evaluate associations between phantom odor perception and sociodemographic factors, certain health behaviors, and health conditions among middle-aged and older US adults.
Methods

Study Population
Data were collected in 2011 through 2014 as part of the National Health and Nutrition Examination Survey conducted by the National Center for Health Statistics. The cross-sectional survey used a stratified, multistage, probability cluster design that resulted in a nationally representative sample of the noninstitutionalized, civilian US population. Study participants were interviewed in their homes and underwent a physical examination at a mobile examination center. Adults 40 years and older were eligible for the interview question on phantom odors. Of 7418 eligible adults, 7417 had nonmissing data on phantom odor perception. The demographic and other characteristics are detailed in Table 1 . Overall response rates for the interviewed sample were 72.6% in the 2011-2012 period and 71.0% in the 2013-2014 period. Survey protocols were approved by the National Center for Health Statistics Research Ethics Review Board. Study participants provided written informed consent.
Measures
Phantom odor perception was measured with a single question: "Do you sometimes smell an unpleasant, bad, or burning odor when nothing is there?" Sociodemographic characteristics, including age, sex, and educational attainment, were obtained during in-home interviews. Race/ethnic background information was collected routinely as part of ongoing national surveillance. Participants reported their own race and ethnicity and were allowed to select more than 1 category. Income-to-poverty ratio was defined as the ratio of reported total family income to the US Census Bureau's poverty threshold, which varies by size of family and age of family members. A person with an income-to-poverty ratio of 1.5, for example, belongs to a family with an income that is 50% above the poverty threshold. Income-to-poverty ratio has a defined maximum value of 5; persons whose income-to-poverty ratio exceeds that are assigned a value of 5.
People who reported never having smoked 100 cigarettes in their lifetime were classified as having never smoked. Among the others, smoking status was defined as currently smoke every day, currently smoke some days, or former smoker. Alcohol use was classified using a threshold of 12 alcoholic beverages in the past year. Frequency of alcohol use was categorized as 0, 1 to 2 days/week, and 3 to 7 days/week, based on self report.
Participants assessed their general health status as excellent, very good, good, fair, or poor. Participants also reported on specific physical health conditions experienced over the past 12 months, including nasal congestion from allergies, cold or flu lasting longer than a month, and persistent dry mouth. Lifetime history of lost consciousness due to head injury, broken nose, or other serious face or skull injury, and greater than 2 sinus infections were assessed from interview questions. For survey years 2013 through 2014, reduced smell function was assessed for 3519 participants with an 8-item odor identification test in a mobile examination center. Odorants presented were strawberry, smoke, soap, chocolate, natural gas, leather, grape, and onion. Reduced smell function was defined as fewer than 6 correctly identified odorants. 14 
Statistical Analysis
Frequency distributions of sociodemographic and certain health factors were computed for those who did and did not report phantom odors. For each level of each factor, we computed the difference (95% CI) in the proportion exhibiting that characteristic between those with phantom odor perception and those without. We estimated the unadjusted prevalence (95% CI) of phantom odor perception overall, stratified by age and sex, and stratified by various health conditions. The 95% CIs serve to determine the range within which point estimates would fall on repeated sampling. Independent correlates of phantom odor perception were identified using a parsimonious multiple logistic
Key Points
Question How does the prevalence of phantom odor perception vary by age, sex, socioeconomic position, health status, health behaviors, smell function, and oral and sinonasal symptoms among US adults?
Findings
In this cross-sectional study of 7417 adults, the prevalence of phantom odor perception was 6.5% (n = 534) and was greater among women, younger age groups, and those of lower socioeconomic position. Phantom odor perception was more common among those with poorer health, a history of head injury, or dry mouth symptoms.
Meaning Epidemiologic characterization may provide clues to cause and alert clinicians to the importance of this disorder. regression model. All variables that were examined in the bivariable analysis were also examined in the multivariable analysis. With the bivariable analysis as our guide, we fit variables sequentially into the model, allowing significant variables to remain in the multivariable model until entering additional variables identified them as not independently associated. 15 We report effect sizes as odds ratio (OR) (95% CI). An age-by-sex interaction was entered to test whether sex modified the observed age association. Analyses were performed using SAS, version 14.2 (SAS Institute Inc) and SUDAAN, version 11.0.1 (RTI International), incorporating 4-year sample interview or examination weights. The prevalence of phantom odor perception stratified by reduced smell function was estimated using 2-year sample examination weights.
Results
Based on the findings of this study, we estimated the prevalence of phantom odor perception as 6.5% (n = 534) (95% CI, 5.7%-7.5%) among US adults 40 years and older ( Table 2) . Only 11.1% (n = 64) of people who reported phantom odors have discussed a taste or smell problem of any kind with a clinician. The frequency distribution of sociodemographic and health behavior characteristics is summarized in reported phantom odors had an income-to-poverty ratio of less than 3 (or 300% of poverty level) compared with 46.1% (n = 3749) of those who did not report phantom odors. Almost 20% (n = 1309) of US adults reported smoking every day or on some days. Of those who reported phantom odors, 25.3% (n = 130) had a history of current or former cigarette smoking compared with 17.8% (n = 1179) among those who did not report phantom odors. Overall use of alcohol did not vary between those who reported phantom odors and those who did not, but people who reported phantom odors were less likely to consume alcohol at least 3 days per week (11.3% [n = 49] vs 21.1% [n = 936]).
The Figure displays the prevalence of phantom odor perception by age group and sex in the study population. Women had about 2 times greater prevalence of phantom odor perception than men at every age group. Nonoverlapping CIs in the 40 to 49 and 50 to 59 years age groups indicated statistically significant sex differences. We noted a declining prevalence of phantom odors by age, which was more pronounced in women than it was in men.
The frequency distribution of potentially correlated health conditions and the corresponding prevalence of phantom odor perception are summarized in Table 2 . Adults in fair or poor health represented 20.4% (n = 1793) of the population. More than 13% (n = 227) of people in fair or poor health reported (n = 422) of those without a history of head injury. Almost onefifth of the population (n = 1037) reported a history of injury to their nose, face, or skull but no greater prevalence of phantom odor perception. Reduced smell function or suboptimal performance on an odor identification test was identified in 13.5% (n = 630) of the population. Individuals with reduced smell function had somewhat, but not significantly, lower prevalence of phantom odor perception.
In Table 3 , we detail estimates for the strength of independent associations of phantom odors with demographic factors and health conditions, adjusted for all variables remaining in the model. We observed that the strength of the association between age and phantom odor perception varies markedly by sex. Men in younger age groups (40-49, 50-59, and 60-69 years) were twice as likely to report phantom odors as men 70 years and older, but this association was statistically significant for only the men aged 40 to 49 years (adjusted OR [aOR], 2.32; 95% CI, 1.25-4.28). Among women, however, we observed a strong graded inverse correlation between the likelihood of phantom odor perception and age. Compared with men 70 years and older, women in this age group had no greater likelihood of phantom odor perception, but women in the younger age groups (40-49, 50-59, and 60-69 years) had 5 (aOR, 5.12; 95% CI, 2.77-9.44), 4 (aOR, 4.51; 95% CI, 2.03-10.02), and 3 (aOR, 3.18; 95% CI, 1.61-6.27) times the odds of phantom odor perception, respectively. Compared with people in the highest socioeconomic category (income-topoverty ratio of 5), those with an income-to-poverty ratio of less than 3 had 60% to 65% greater likelihood of experiencing phantom odors (aOR, 1.60; 95% CI, 1.01-2.54; and aOR, 1.65; 95% CI, 1.06-2.56). Adults in fair/poor health were more than twice as likely to report phantom odors than those in excellent or very good health (aOR, 2.27; 95% CI, 1.66-3.08). People with persistent dry mouth had 3 times the odds of reporting phantom odors (aOR, 3.03; 95% CI, 2.17-4.24). History of head injury with loss of consciousness was associated with 74% greater odds of phantom odor perception (aOR, 1.74; 95% CI, 1.20-2.51).
Discussion
To our knowledge, the present study is the first populationbased epidemiologic analysis of phantom odor perception using nationally representative data from the United States. We estimated the prevalence to be 6.5% among adults 40 years and older. This estimate is somewhat greater than the 4.9% prevalence observed in 1 Swedish community, although adults in the Swedish study were 60 years and older. 2 When we limited our sample to include only US adults 60 years and older, we corroborated the prevalence of phantom odor perception to be 5.4% (95% CI, 4.3%-6.8%). We observed that younger age and lower socioeconomic class were independently and positively associated with phantom odor perception. Two-thirds of people who experienced phantom odors were women, which is consistent with the sex ratio observed in the Swedish population-based data. 2 People reporting fair to poor health were more likely to report phantom odor perception than those in good health. Adults with persistent dry mouth or history of serious head injury were more likely to report phantom odor perception independent of reported health status. Phantom odor perception is an olfactory disturbance in which individuals perceive an odor in the absence of a stimulus. The cause of this condition is unknown. People with phantom odor perception may have a neural signaling imbalance that allows nonsense olfactory signals to reach the central nervous system. The sensation may originate in the peripheral nervous system at the level of the olfactory sensory neurons, may reflect damage to the olfactory nerve, or may originate in the central brain. 16 We found phantom odor perception to be inversely associated with age predominantly among women. If phantom odors are the result of aberrant peripheral neurons, an age-related loss of olfactory sensory neurons may explain an age-related decline in phantom odor perception consistent with an age-related decline in odor sensitivity. 17, 18 Reasons for the sex difference or the age-related decline are unclear. Black and Hispanic people are overrepresented among people who report phantom odors. However, when we accounted for the greater prevalence of phantom odors among people of lower socioeconomic position, we observed no difference across race/ethnic groups. The greater prevalence of phantom odor perception among people of lower socioeconomic position may reflect greater exposure to environmental toxins. 19 Socioeconomic indices such as family income are inversely associated with exposure to fine particulate matter and other ambient air pollutants, and poor indoor air quality. 19, 20 Lower socioeconomic status could also be a marker for a number of health conditions understood to be associated with phantom odors, such as migraine or primary headache. 21 Nonfatal injury rates also vary inversely with socioeconomic status. 22, 23 Given the association we observed between phantom odors and severe head trauma, it is possible that our measure of low income may be capturing injuries that have damaged the olfactory neurons, the olfactory bulb, or the cerebral cortex, despite no loss of consciousness. Alternatively, the inverse association between phantom odors and income may reflect differential reporting of nonfatal head injuries by social class.
24
Evidence from a recent review suggests that current but not former smoking is related to subjective measures of olfactory dysfunction. Phantom odors were not considered among the olfactory conditions in the review. 25 We observed greater prevalence of phantom odor perception among people who currently smoke, compared with former or never smokers. However, after adjustment for cigarette smoking being more common among younger people and those of lower socioeconomic status, we no longer observed an association between smoking and phantom odor perception. People who drink alcohol were not more likely than people who abstain to report phantom odors. However, when alcohol use was broken down by drinking days per week, we found that people who drink more frequently have fewer reports of phantom odors, but this association was not robust to adjustment for dry mouth symptoms. Recent pathobiologic evidence suggested no decreased neurogenesis in the olfactory bulb when comparing a group with a 30-year history of high-volume alcohol use with a group with modest alcohol consumption.
26
We observed a strong association between phantom odor perception and symptoms of persistent dry mouth. Our measure of persistent dry mouth may have captured people with Sjogren syndrome, an autoimmune disorder that has been associated with reduced smell function 27,28 but not, to our knowledge, with phantom odors. With 13% of adults reporting dry mouth symptoms, this measure may also be an indicator of medication use. A variety of medications have been implicated in olfactory dysfunction, including chemotherapeutic agents, antihypertensive agents, antibiotics, and antidepressants. 29 Self-reported general health is an indicator of individual health that is strongly correlated with mortality, particularly among people who have indicators of circulatory disease. 30 Sjölund et al 2 observed a modest association between a nonspecific indicator of cardiovascular risk burden and phantom odor perception using data collected as part of a community-based study in Sweden. Again, medication use could explain correlations with fair or poor general health in our data and with cardiovascular risk in the Swedish data. Assessing associations with medication use was beyond the scope of the current study. Finally, we observed no association between reduced smell function based on an odor identification test, which corroborates evidence from the Swedish study. 
Limitations
We acknowledge limitations to our study. It is possible that our measure of phantom odor perception misclassified people who have burning mouth syndrome or oral phantom sensations. However, when we conducted a sensitivity analysis reclassifying 13 people who also reported burning or other taste phantoms, there was no difference in the results. We do not have information on intensity, duration, or periodicity of the phantom odor perception. We have no data regarding health conditions, including seizures, primary headache, migraine headache, and serious mental illness, which could serve to explain the age, sex, and income patterns we describe. Data were not collected on adults younger than 40 years. We might expect some misclassification in the reporting of medical conditions. The misclassification of severe head trauma, in particular, could be differential, which would bias our point estimate in an unpredictable direction. However, the positive association we report is biologically plausible and consistent with earlier reports of olfactory dysfunction, including phantom odors, among people with head trauma. 31 These crosssectional data are not able to discern the temporal relationship of phantom odors with any of the correlated factors. For example, living with and finding no relief from phantom odors could lead people to report fair or poor health. Finally, the sample design does not allow for adults who are institution-alized or serving in the military. People hospitalized with head trauma and frail elderly people living in nursing facilities are not represented.
Conclusions
To our knowledge, this is the first observational study of phantom odor perception using nationally representative survey data and the largest epidemiological investigation of this condition to date. We estimate the prevalence of phantom odor perception at 6.5% among US adults 40 years and older. Among US adults 40 years and older, phantom odor perception is more common among women, younger age groups, and those of lower socioeconomic position. Phantom odors are reported more commonly among those in poorer health and among those who have persistent dry mouth. Head injury is strongly associated with phantom odor perception, and rates of traumatic brain injury seen in emergency departments have been steadily increasing.
32
Response to treatment for loss of odor sensitivity has been shown to depend on duration of symptoms. 33 Only 11% of people who report phantom odors have discussed a taste or smell problem of any kind with a clinician. Increased awareness of phantom odor perception as a clinical problem and the risk factors associated with this condition may contribute to more affected individuals seeking guidance or treatment for this condition. 3 Recent data suggest that olfactory dysfunction can predate the clinical symptoms of several neurodegenerative diseases and neuropsychiatric disorders, which highlights the importance of olfactory dysfunction as a marker for early intervention. Neurodegenerative diseases such as Parkinson disease, Alzheimer disease, and amyotrophic lateral sclerosis, and neuropsychiatric diseases such as anxiety disorders, depression, and schizophrenia have been associated with olfactory dysfunction. 4 Age also plays an important role in general olfactory dysfunction, with reported rates between 32% and 62% in older individuals compared with 6% to 17% in younger populations. 5 Phantom smells are a clinically distinct olfactory dysfunction that can be more troublesome for patients than a decreased sense of smell. 4 Most phantom smells are linked to negative smells, with the most frequently reported described as smoky or burnt. 5 Although studies examining the prevalence of olfactory hallucinations are limited, several have shown the prevalence to range consistently from 4.9% to 8%
among healthy individuals but range as widely as 0.8% to 25%. 5 In a large Swedish study, Sjölund et al 5 report a 4.9% overall prevalence among individuals 60 to 90 years old, with a higher percentage of patients younger than 75 years reporting phantoms smells. However, they qualify this finding with that fact that 32% of these patients reported having phantosmia for more than 10 years. In the study by Bainbridge and colleagues, 3 data were collected in 2011 through 2014 as part of the National Health and Nutrition Examination Survey conducted by the National Center for Health Statistics. Of the 7417 participants, all 40 years and older, the prevalence of phantom odor perception was 6.5%. Women were found to have a higher prevalence of phantosmia, with younger women reporting it more frequently than older women. 3, 5 Two potential reasons for this finding are that women are generally better than men at naming odors, and women are more often negatively affected by environmental odors. 6, 7 Women may have a heightened olfactory sensitivity and lower threshold for reporting smell disturbances.
5
Phantosmia is also associated with medical conditions, genetics, and other factors such as smoking or occupational exposures. Several medical comorbidities have been implicated, including epileptic seizures, schizophrenia, depression, migraine, head trauma, or sinonasal problems. 5 Olfactory hallucinations may originate from dysfunction of the peripheral olfactory nervous system or in central brain regions, such as the amygdala or the frontal cortex. Genetic variation can also play a role in the development of phantom smells. The apolipoprotein E ε4 allele and brain-derived neurotrophic factor (BDNF) gene have been implicated in olfactory deficits. 
